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Summary Epilepsy surgery in the left temporal lobe is associated with a high risk of
naming decline. In the present study, in 45 patients with left temporal lobe epilepsy
(TLE) and confirmed left hemisphere language dominance, 13 (29%) patients demon-
strated postoperative decrement5 naming failures in the Boston Naming Test (BNT).
Multivariate discriminant analysis with age at onset of epilepsy, age at first risk, age at
operation and preoperative naming performance as predictors indicated that 12 (92%)
patients with later naming decline could be identified preoperatively. Univariate
group comparisons revealed that specifically patients with seizure onset later than 14
years without preceding risk factors (e.g., febrile seizures) are in danger of post-
operative dysnomia. It is hypothesized, that there is a strong connection between
stable naming performance and deviant intrahemispheric speech representation as a
result of early brain damage and/or chronic seizures.
# 2005 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Epilepsy surgery in the speech dominant left tem-
poral lobe often leads to word finding difficulties
and deficits in visual confrontation naming ability.
Substantial postoperative declines in naming per-
formance have been determined few weeks,1,2 6
months3—6 and 1 year7 after the operation and thus
persist over relatively long time periods. To mini-
mize the risk of postoperative naming deficits, it isAbbreviations: BNT, Boston Naming Test; TLE, temporal lobe
epilepsy
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doi:10.1016/j.seizure.2005.09.001crucial to find reliable predictors that allow an
individual prognosis of negative performance
changes. Empirically confirmed predictors can help
to optimize the surgery according to the individual
patient profile.
Variable effects of left temporal lobe surgery on
naming performance are not related to particular
conditions, but are rather based on an interplay of
lesional, functional and age-specific factors. Stable
outcomes have been reported in patients with an
early incidence of epilepsy risk factors (e.g., feb-
rile seizures, traumatic brain injury) 5 years,1 an
early onset of epilepsy <12 years6 and a histologi-
cally confirmed hippocampus sclerosis.4 Specific
risks for postoperative naming decline can be iden-
tified in patients with later seizure onset,3,5,8 goodby Elsevier Ltd. All rights reserved.
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speech-related brain structures.10 Negative effects
for speech and memory functions have been also
recognized in patients with higher age at opera-
tion.7,11
Generally, in patients with left hemisphere
damage, recovery of function is related to an age-
dependent effectiveness of cerebral plasticity
mechanisms.12 Although a diversity of reorganiza-
tion patterns can be found, tendencies to specific
patterns have been reported. In particular, an inter-
hemispheric reorganization with complete or partial
shift of speech functions to the right hemisphere is
often triggered by very early acquired13—15 and also
extensive lobal, multilobal16—18 or periventricular19
lesions. Damage acquired later in life12 or focal
lesions restricted to the left temporal lobe20,21 seem
to utilize the compensatory potential of ipsilateral
regions, resulting in an atypical intrahemispheric
speech representation.22 Often, temporal speech
areas are localized in close proximity to the lesion
or overlap completely.23 Additionally, it is assumed
that epileptic activity with temporal lobe origin can
also enhance the formation of atypical speech
representations.24,25
In many TLE patients with atypical speech repre-
sentations functional restitution is not optimal.
Due to widely localized tissue anomalies, ipsilat-
eral and contralateral to the epileptic focus,26
residual deficits are likely. Furthermore, there is
strong evidence that early onset left TLE is asso-
ciated with a less structured temporal speech
representation. This atypical intrahemispheric
organization is characterized by an increased inci-
dence of speech-related anterior temporal regions
within a distance of 4.5 cm from the temporal
pole.9,20,21 In patients with later seizure onset, a
considerably more discrete organization pattern
has been detected with increasing concentration
of speech-related areas in the posterior portion of
the temporal lobe.9,27
Relating these results to epilepsy surgery, it is
obvious that a reliable prognosis of postoperative
naming performance highly depends on knowledge
of the indicators for atypical speech representa-
tions. Particularly, attention should be paid if an
overlap of the intended resection volume and the
individual speech functional architecture is likely.
The consideration of factors influencing speech
organization may optimize the risk-benefit estima-
tion for postoperative language outcome. For these
reasons, in the present study, the hypothesis was
tested that the weighted combination of specific
demographical and clinical variables provides sig-
nificant contribution to the prognosis of postopera-
tive naming ability.Material and methods
Participants
Forty-five patients with pharmaco-resistant focal
left TLE were tested before and after epilepsy
surgery. Corresponding to the objectives of this
study, the following inclusion criteria were applied:
(a) preoperative and postoperative examination of
naming performance, (b) complete speech domi-
nance of the left hemisphere without right hemi-
sphere participation and (c) first-time execution of
brain surgery. To evaluate the prognostic value of
preoperative naming performance for later risk of
naming decline, 40 healthy control subjects were
included.
Method and procedures
Determination of speech dominance resulted pre-
operatively from intracarotid amobarbital testing
with alternating selective anaesthetisation of the
left or right hemisphere and speech and memory
testing of the isolated, awake hemisphere, respec-
tively. Speech-relevant tasks included automatic
speech (counting, recall of personal information),
naming of pictures and real objects, word reading
and comprehension. Complete left-sided speech
dominance was ascertained if initial speech arrest
and global aphasia with typical dysphasic recovery
pattern were observed during left hemisphere
anaesthetisation. For visual object naming ability,
the BNT28 was administered. The task consisted of
visual confrontation naming of 60 line drawings with
increasing difficulty. A naming failure was labelled if
patient response deviated from the target name
either semantically or phonologically. Overall test
performance resulted in a sum score of all incor-
rectly named objects.
Patients were tested preoperatively during eva-
luation for surgical treatment of epilepsy and post-
operatively 6 months after the operation. As a
general surgical approach, tailored resections were
performed. Thus, depending on clinical and neuro-
psychological characteristics (e.g., hemispheric
speech dominance, reserve capacity of the contral-
ateral hemisphere, pathology) for every patient a
specific resection volume was defined. Surgery was
carried out with varying resection of the anterolat-
eral temporal lobe and additional removal or sparing
of the hippocampus. The individual resection
volumes were determined according to the opera-
tion protocol. As potential predictors for the prog-
nosis of postoperative naming ability, (1) age at first
risk (years), (2) age at onset of epilepsy (years), (3)
age at operation (years), (4) preoperative naming
564 M. Schwarz et al.performance (number of naming failures), (5) max-
imum extent of neocortical temporal resection
(mm) and (6) presence of hippocampal sclerosis
(according to histological examination) were
included.
Data analysis
For multivariate data analysis, a discriminant model
was applied. Therefore, the patient sample was
treated as a learning probe and dichotomized in a
group with postoperative naming decline (positive
classification) and a group with postoperative stable
naming performance (negative classification). Fol-
lowing Davies et al.,4 a deterioration of preoperative
test performance of at least five naming failures was
used as the criterion for clinical meaningful change.
Although in the literature several other indices for a
significant change are proposed, this relatively high
test—retest discrepancy was used to control perfor-
mance fluctuation (e.g., memory effects, regression
to the mean). In the discriminant model, only sig-
nificant predictors (error probability < 0.05) were
included. Based on the calculated function scores,
likelihood ratios (sensitivity/(1  specificity)) were
computed to specify a cut-off score for optimal group
differentiation. The approach of this analysis was to
show that with strong influence of the predictors on
postoperative naming ability, there is a high correla-
tion between the individual function score and the
patient classification (negative versus positive).Results
Univariate data analysis
Demographic and clinical data of the patient groups
and normal control subjects are presented inTable 1 Characteristics of patient groups and control subj
Group
NC
N 32
Sex (male/female) 17/15
Age at first risk (years) 6.9 (7.8)
Age at onset of epilepsy (years) 10.8 (7.9)
Age at operation (years) 33.3 (9.6)
BNT score 17.6 (8.1)
BNT score postoperative 17.5 (7.4)
BNT score change (%) 1.0 (14.8)
Temporal resection (mm) 41.9 (7.9)
HS (yes/no) 15/20
NC, negative classification; PC, positive classification; HS, hippocam
parentheses.Table 1. One-way analysis of variance regarding pre-
operative naming performance in the BNTrevealed a
significant group effect (F2,82 = 44.86, p < 0.01).
Post hoc Scheffe´ tests showed significant differences
between the control group and both the patient
group with positive (p = 0.02) and negative
(p < 0.01) classification. Additionally, preoperative
naming performance of patients with negative clas-
sification (mean  S.D. 17.6  8.1) was significantly
more impaired (p < 0.01) compared to patients with
positive classification (mean  S.D. 10.1  4.5).Ana-
lysis of the individual test scores showed a clear
discrepancy between the patient groups. Whereas
seven (54%) patients with positive classification
deviated with <5 naming failures from the mean
value of the control group, the same could be noted
for only five (16%) patients with negative classifica-
tion. Therefore, before the operation, naming func-
tion of patients with postoperative decline was
relatively comparable to the control group.
In the patient sample, postoperative decline with
5 naming failures in the BNTwas recognized in 13
patients. Postoperative naming performance was
stable in 32 patients. For the included predictors,
independent samples t-tests revealed significant dif-
ferences for age at first risk (t43 = 3.34, p < 0.01),
onset of epilepsy (t43 = 5.10, p < 0.01), age at
operation (t43 = 3.68, p < 0.01) and preoperative
naming performance. As a group, patients with post-
operative decline showed on average later seizure
onset (mean 26.3), later age at first risk (mean 18.4),
older age at operation (mean 44.2) and better pre-
operative naming performance. No statistical differ-
encewas found for theextent ofneocortical temporal
resection. The rate of patients with hippocampal
sclerosis was comparable in both groups (positive
classification 54%; negative classification 47%).
Fig. 1 illustrates the combined effect of the
predictors onset of epilepsy and age at first riskects.
PC Control
13 40
8/5 15/25
18.4 (15.1)
26.3 (11.9)
44.2 (6.9)
10.1 (4.5) 5.3 (2.0)
24.9 (11.5)
158.7 (89.0)
46.1 (7.9)
7/6
pal sclerosis. Mean values are given with standard deviation in
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Figure 1 Naming change (postoperative minus preo-
perative score) with respect to onset of epilepsy. NC,
negative classification; PC, positive classification.
Table 2 Coefficients for the predictors included in the
discriminant model.a
Predictor CF
Age at onset of epilepsy (years) 0.077
BNT score preoperative 0.069
Age at operation (years) 0.058
Age at first risk (years) 0.006
a Constant, 2.147; CF, coefficient.to differentiate the patient groups. With respect to
the utilized criterion for postoperative naming
decline (dashed line), in 92% of the patients with
positive classification, seizures started after age 14
years (bold line). In this group, only for three
patients early risk factors were registered (open
squares). On the other hand, for 75% of the patients
with negative classification, seizures started before
age 15 years. Considering early risk factors (open
circles) in addition to early seizure onset, 86% could
be correctly classified in this group.
Parameter estimation and quality of
adjustment of the discriminant model
Discriminant analysis was performed to simulta-
neously evaluate the included predictors. The
approach of this analysis is to determine a weighted
linear combination of specific predictors. Based on
the univariate data analysis, selectively, the signifi-
cant predictors (onset of epilepsy, age at first risk,
age at operation and preoperative naming perfor-
mance) were included in the discriminant model. A
satisfactory model adjustment could be established
with a significant difference between the averaged
group function scores (Wilks-l = 0.47, x2 = 30.6,
p < 0.01).
Descriptive analysis of the individual discriminant
function scores revealed means of 1.6 (range 0.3
to 3.9) for patients with positive classification and
0.6 (range 3.0 to 1.6) for patients with negative
classification. Therefore, negative function scores
point towards the tendency for stable postoperativenaming performance, whereas positive function
scores indicate postoperative decline. Table 2 lists
the estimated coefficients for the predictors
included in the discriminant model. It is apparent
that a particularly strong influence comes from the
predictors onset of epilepsy and preoperative nam-
ing performance.
To determine an optimal cut-off score for group
differentiation, likelihood ratios were computed.
With a likelihood ratio of 9.8, the highest discrimi-
natory effect resulted for the function score 0.57.
Applying this function score to discriminate the
patient sample, 12 (92%) patients with positive
classification and 29 (90%) patients with negative
classification could be correctly identified. The
overall identification rate was 91%. Based on this
analysis, it can be concluded that for any patient
matching the inclusion criteria of this study, a func-
tion score 0.57 leads to the assumption that it is
nearly 10 times more likely for this patient to suffer
postoperative naming decline.Discussion
Visual object naming tests are a standard part of
neuropsychological test protocols for surgical epi-
lepsy treatment to provide essential information
with respect to the lateralization and localization
of the epileptic focus. Naming deficits are fre-
quently seen in patients with left TLE and are
relatively rare in patients with right TLE.29—31 This
is in accordance with studies that speculate a dis-
criminating, selecting function mode for left hemi-
sphere speech processing.32,33 Possibly, this
corresponds to a mechanism that serves the purpose
of precise meaning and word finding. Contrary to
conversational discourse with alternatives for non-
available words, naming tests require the selective
choice of an object name from a number of thema-
tically similar names. With left temporal lobe
damage, naming deficits are probably based on a
disturbance of this discriminating processing style.
Differential analysis of the results demonstrates
that patients with left TLE exemplify no homoge-
nous group. Both the onset of epilepsy and typical
566 M. Schwarz et al.risk factors play an important role for preoperative
naming ability. Although group comparisons
revealed significant differences, 54% of the patients
with later seizure onset without early risk factors
showed only minimal discrepancies compared to the
control group. These results support the hypothesis
that early structural and functional disturbances
represent an essential condition for restrictions in
specific speech functions. Studies in children with
congenital, peri- or postnatal acquired left hemi-
sphere lesions have found markedly decreased
expressive speech functions34,35 that are also mea-
surable in later childhood.36 Exactly, this relation-
ship is reflected in the results of this study. In 86% of
the patients with preoperative naming difficulties
without postoperative decline, either the early
onset of recurrent seizures or the existence of early
epilepsy risk factors was noted. Therefore, despite
plausiblemechanisms of cerebral plasticity, it seems
reasonable that early damage to the left temporal
lobe can contribute to permanent naming deficits.
In this study, 29% of the patients demonstrated
deterioration 5 naming failures. Due to the utili-
zation of different criteria for clinical meaningful
change, a general consensus with respect to the risk
of naming decline is hard to achieve. Previous stu-
dies with the BNT recognize declines in 30% (>1
standard deviation),7 39% (5 naming failures)4 and
60% (1 naming failures)5 of the operated patients.
Bell et al.6 noted postoperative increment 5 nam-
ing failures in 59% of the patients with later seizure
onset (mean 23.9 years). Stafiniak et al.1 registered
an increment of postoperative test score 25% in
60% of the patients with later age at first risk (mean
14.4 years). Aside from pure clinical data, negative
changes in cognitive functioning also have signifi-
cant importance for the individual lifestyle. Exam-
inations of patients with aphasia reveal that
persisting language impairments have a substantial
negative impact not only on daily communication
processes, but also on the professional and econom-
ical perspective.37 That is why in surgical epilepsy
therapy, besides the primary goal of seizure free-
dom, the consideration of probable risk factors for
language is inevitable.
Regarding postoperative functioning, there are
hypotheses that view individual performance differ-
ences as side effects of modified intrahemispheric
speech representations.6,9 In this attempt, it is of
central importance that speech networks resulting
from an undisturbed and disturbed (e.g., lesion,
chronic seizures) development show qualitative dif-
ferences both with regard to structural organization
and localization. Several studies report a close
association between early onset left TLE and the
incidence of atypical speech representations.9,20,21Specifically, this reorganization corresponds to a
widespread distribution of language cortex and
stronger functional recruitment of the anterior tem-
poral lobe.9,21 The finding that later resection of
these anterior temporal areas causes no significant
change becomes understandable by adopting a
developmental perspective. It is likely that the
occurrence of early functional disturbances has
the potential to interrupt normal development
and to promote a more diffuse speech organization.
Consequently, this results in imperfect language
skills which is also due to the weaker functional
potential of particular areas in smaller surgery
effects. For patients with later seizure onset and
comparatively normal speech development, there is
a more discretely organized language cortex in the
middle-to-posterior portion of the temporal lobe.
Consequently, this results not only in intact lan-
guage skills, but also in negative effects with
increasing extent of neocortical resection.
Support for this concept comes from the results
of the present study. By means of a discriminant
model, it was shown that variables referring to
cerebral plasticity processes (onset of epilepsy,
age at first risk, age at operation) permitted good
identification of patients at risk. With diagnostic
sensitivity of 92% and specificity of 90%, a sufficient
classification rate could be achieved. Evaluation of
the included predictors revealed a notable impact
of the onset of epilepsy. In patients with post-
operative decline, onset of recurrent seizures
occurred relatively late at 26.3 years on average.
Furthermore, in this group, only three patients had
risk factors in early childhood. Patients with post-
operative decline showed significantly higher
scores before the operation than patients with
postoperative stable performance. Taking into
account that patients with postoperative decline
were operated relatively late, at 44.2 years on
average, the main features of a constellation with
exceptionally high risk of naming decline can be
identified. Including all predictors mentioned
above, decline in naming performance should be
expected if, in addition to later onset of epilepsy
(without preceding risk factors) and good preo-
perative naming ability, the operation takes place
in later adulthood.
Based on the results of this study, it seems to be of
crucial importance that identical resection volumes
can have varying consequences for postoperative
naming ability. Triggered by the absence of protec-
tive factors that are supposed to be related to a
diffuse intrahemispheric speech organization, nam-
ing decline has been observed in patients with
neocortical resections of 46.1 mm on average. This
value clearly indicates functionally related regions
Postoperative object naming in left temporal lobe epilepsy 567also in the anterior portion of the temporal lobe.
Evidence for important anterior temporal speech
functions comes from studies with cortical stimula-
tion mapping. Functional participation has been
localized for auditory naming processes at a dis-
tance of 2 cm38 and for visual naming processes at a
distance of 1.5 cm9 from the temporal pole. Corre-
sponding to these results, Hermann et al.8 demon-
strated better preservation of naming in surgical
therapy of left TLE with smaller neocortical resec-
tions. Therefore, to avoid negative outcome, with
knowledge of the underlying pathology and corre-
sponding risk factors, a minimization of the neocor-
tical resection volume should be aspired.
Acknowledgment
This research was supported by ELAN Grant No. 37
NL-04.07.30.1 of the Friedrich-Alexander-Univer-
sity Erlangen-Nuernberg.
References
1. Stafiniak P, Saykin AJ, Sperling MR, et al. Acute naming
deficits following dominant temporal lobectomy: prediction
by age at 1st risk for seizures. Neurology 1990;40:1509—12.
2. Saykin AJ, Stafiniak P, Robinson LJ, et al. Language before and
after temporal lobectomy: specificity of acute changes and
relation to early risk factors. Epilepsia 1995;36:1071—7.
3. Hermann BP, Wyler AR, Somes G, et al. Dysnomia after left
anterior temporal lobectomy without functional mapping:
frequency and correlates. Neurosurgery 1994;35:52—7.
4. Davies KG, Bell BD, Bush AJ, et al. Naming decline after left
anterior temporal lobectomy correlates with pathological
status of resected hippocampus. Epilepsia 1998;39:407—19.
5. Bell BD, Davies KG, Hermann BP, et al. Confrontation naming
after anterior temporal lobectomy is related to age of acqui-
sition of the object names. Neuropsychologia 2000;38:83—
92.
6. Bell B, Hermann B, Seidenberg M, et al. Ipsilateral reorga-
nization of language in early-onset left temporal lobe epi-
lepsy. Epilepsy Behav 2002;3:158—64.
7. Langfitt JT, Rausch R. Word-finding deficits persist after left
anterotemporal lobectomy. Arch Neurol 1996;53:72—6.
8. Hermann BP, Perrine K, Chelune GJ, et al. Visual confronta-
tion naming following left anterior temporal lobectomy: a
comparison of surgical approaches. Neuropsychology
1999;13:3—9.
9. Schwartz TH, Devinsky O, Doyle W, et al. Preoperative pre-
dictors of anterior temporal language areas. J Neurosurg
1998;89:962—70.
10. Hajek M, Valavanis A, Yonekawa Y, et al. Selective amobar-
bital test for the determination of language function in
patients with epilepsy with frontal and posterior temporal
brain lesions. Epilepsia 1998;39:389—98.
11. Helmstaedter C, Reuber M, Elger CE. Interaction of cognitive
aging and memory deficits related to epilepsy surgery. Ann
Neurol 2002;52:89—94.
12. Chugani HT, Mu¨ller RA, Chugani DC. Functional brain reorga-
nization in children. Brain Dev 1996;18:347—56.13. Springer JA, Binder JR, Hammeke TA, et al. Language dom-
inance in neurologically normal and epilepsy subjects–—a
functional MRI study. Brain 1999;122:2033—45.
14. Mu¨ller R-A, BehenME, Rothermel RD, et al. Brain organization
for language in children, adolescents, and adults with left
hemisphere lesion: a PET study. Prog Neuro-Psychopharm
Biol Psychiatry 1999;23:657—68.
15. Lie´geois F, Connelly A, Cross JH, et al. Language reorganiza-
tion in children with early onset lesions of the left hemi-
sphere: an fMRI study. Brain 2004;127:1229—36.
16. Mu¨ller R-A, Rothermel RD, BehenME, et al. Brain organization
of language after early unilateral lesion: a PET study. Brain
Lang 1998;62:422—51.
17. Tierney MC, Varga M, Hosey L, et al. PET evaluation of
bilingual language compensation following early childhood
brain damage. Neuropsychologia 2001;39:114—21.
18. Foz FB, Lucchini FLP, Palimieri S, et al. Language plasticity
revealed by electroencephalogram mapping. Pediatr Neurol
2002;26:106—15.
19. Staudt M, Grodd W, Niemann G, et al. Early left periventri-
cular brain lesions induce right hemispheric organization of
speech. Neurology 2001;57:122—5.
20. Devinsky O, Perrine K, Llinas R, et al. Anterior temporal
language areas in patients with early onset of temporal lobe
epilepsy. Ann Neurol 1993;34:727—32.
21. Devinsky O, Perrine K, Hirsch J, et al. Relation of cortical
language distribution and cognitive function in surgical epi-
lepsy patients. Epilepsia 2000;41:400—4.
22. Billingsley RL, McAndrews MP, Crawley AP, et al. Functional
MRI of phonological and semantic processing in temporal lobe
epilepsy. Brain 2001;124:1218—27.
23. Duchowny M, Jayakar P, Harvey AS, et al. Language cortex
representation: effects of developmental versus acquired
pathology. Ann Neurol 1996;40:31—8.
24. Janszky J, Jokeit H, Heinemann D, et al. Epileptic activity
influences the speech organization in medial temporal lobe
epilepsy. Brain 2003;126:2043—51.
25. Bra´zdil M, Za´kopcan J, Kuba R, et al. Atypical hemispheric
language dominance in left temporal lobe epilepsy as a result
of the reorganization of language functions. Epilepsy Behav
2003;4:414—9.
26. Hermann B, Seidenberg M, Bell B, et al. The neurodevelop-
mental impact of childhood-onset temporal lobe epilepsy on
brain structure and function. Epilepsia 2002;43:1062—71.
27. Schwartz TH, Devinsky O, Doyle W, et al. Function-specific
high-probability ‘‘nodes’’ identified in posterior language
cortex. Epilepsia 1999;40:575—83.
28. Kaplan E, Goodglass H, Weintraub S. Boston Naming Test.
Philadelphia: Lea und Febiger; 1978.
29. Mayeux R, Brandt J, Rosen J, et al. Interictal memory and
language impairment in temporal lobe epilepsy. Neurology
1980;30:120—5.
30. Pegna AJ, Qayoom Z, Gericke CA, et al. Comprehensive
postictal neuropsychology improves focus localization in epi-
lepsy. Eur Neurol 1998;40:207—11.
31. Schefft BK, Testa SM, Dulay MF, et al. Preoperative assess-
ment of confrontation naming ability and interictal parapha-
sia production in unilateral temporal lobe epilepsy. Epilepsy
Behav 2003;4:161—8.
32. Richards L, Chiarello C. Activation without selection: parallel
right hemisphere roles in language and intentional move-
ment. Brain Lang 1997;57:151—78.
33. Taylor KI, Brugger P, Weniger D, et al. Qualitative differences
in semantic category matching. Brain Lang 1999;70:119—31.
34. Vicari S, Albertoni A, Chilosi AM, et al. Plasticity and reorga-
nization during language development in children with early
brain injury. Cortex 2000;36:31—46.
568 M. Schwarz et al.35. MacWhinney B, Feldman H, Sacco K, et al.Onlinemeasures of
basic language skills in children with early focal brain lesions.
Brain Lang 2000;71:400—31.
36. Cohen H, Le Normand MT. Language development in children
with simple-partial left-hemisphere epilepsy. Brain Lang
1998;64:409—22.37. Parr S. Psychosocial aspects of aphasia: whose perspectives?
Folia Phoniatr Logop 2001;53:266—88.
38. Hamberger MJ, Seidel WT, Goodman RR, et al. Temporal lobe
stimulation reveals anatomic distinction between auditory
naming processes. Neurology 2003;60:1478—83.
